Abstract. The article is devoted to the method of processing data from a laser scanner for solving a navigation problem when a mobile robot moves along a road on rough and wooded terrain, as well as the task of avoiding obstacles. A comparative analysis of methods for solving these problems. It is shown that the proposed method allows not only to solve the problem of fast and efficient identification of the road boundaries when a mobile robot moves across rough and wooded areas, but also to identify the presence of an obstacle along the way and distance to it.
Introduction
Navigation has always been and is a non-trivial and complex mobile robot system. The technical and tactical characteristics of the mobile robot depend on the choice and implementation of the navigation system. As a rule, the majority of navigation systems for ground-based unmanned systems are based on the integration of odometer readings (mechanical or visual), gyroscope and satellite navigation system. An exemplary functional diagram of a typical mobile robot navigation system is shown in Figure 1 . Features of the application environment also impose certain restrictions on the used navigation equipment. So, for example, the accuracy of determining the location using a widespread satellite navigation system significantly deteriorates when working in a forested area, in the case of dense urban development, etc. In order to move along the existing road infrastructure, an error in determining the own coordinates of a mobile robot cannot exceed the size of an autonomous vehicle (otherwise collisions with devices of the same or smaller size and other conflicts with the environment are possible) [1] . A typical unmanned ground robot usually does not exceed three meters in length and can be more than 30 km from the launch site, while the satellite system signal has an accuracy of ± 6 m. Currently, the satellite navigation system based on real-time motion kinematics (RTK GPS) is used as the main navigation system of a mobile robot. It allows you to get an error in determining the location of no more than 10 cm. However, for its operation it is necessary to ensure a stable connection between the fixed base station and the robot itself, in order to transfer differential corrections from the base to the robot. As a rule, various VHF modems or GSM cellular network modems are used as a communication channel, whose range is also limited. In the case of an unstable signal reception from a satellite navigation system, the solution of the navigation problem rests on an integrated navigation system consisting of a mechanical odometer and a gyroscope. This leads to large errors (more than 10 km with a route of 100 km) positioning when moving over long distances.
The accuracy of such a navigation system strongly depends on the type of gyroscope (micromechanical, fiber optic, laser) and on the state of the roadbed (the presence of wheel slip, different underlying surface of the left and right wheels).
The task of determining the location of a mobile robot is closely related to the task of the trajectory movement. As a rule, the robot is required to move along the existing road, bypassing the existing obstacles on the way.
For the recognition of obstacles to the movement of a mobile robot meets the vision system. Among the widely used vision systems used in robotics, the following can be singled out: ultrasound sonars, laser scanners, optical range video cameras with various kinds of backlights, radar sensors.
As a rule, the above problems are solved by separate systems independently of each other. At the same time, the existing road has a set of characteristic features, given which it is possible to improve the accuracy of localization of a mobile robot on the road. These signs include the boundaries of the road, recognizing the location of which relative to the current position of the mobile robot, you can calculate the necessary correction factor for calculating the course.
As a rule, data from the video camera is used to recognize the boundaries of the roadway and the presence of obstacles on it.
The general algorithm for the operation of such systems is as follows. First, perform the image calibration of the video camera in order to reduce image distortion. Then, the original RGB image is converted into HSV format-it is convenient to select specific color ranges in this color model. The next step is binarization (image conversion into a binary mask with colors of interest) and image vectorization by using a Canny border detector and Hought transformation. In order to improve the accuracy of recognizing the boundaries of the road, the upper part of the image (as a rule, above the horizon line) is not taken into account when carrying out further processing. Then, on the resulting image, there are separate lines belonging to the border of the road.
Such lines must satisfy a number of conditions:  the line cannot be horizontal and should have a moderate slope;  the difference between the slopes of the boundary line of the road and the candidate line cannot be too high;  the line should not be far from the borders of the road to which it belongs;  the line should be below the horizon. The lines selected at the previous step are subjected to additional filtering taking into account the data obtained in the previous frame and the already stable lines corresponding to the border of the roadway are obtained [2] .
This method has several limitations. Firstly, it does not work well on a winding road, because in the method itself, it is the detector of the lines, not the curves. Secondly, this method does not work on sections of roads with frequent changes of direction and illumination, since the detector no longer has time to follow the lines due to the accumulation of errors in determining the boundaries of the roadway [3] .
Methods
The proposed method of positioning a mobile robot on roads that have a relatively smooth surface and a blurred border of the road, as well as the area behind it (forest, steppe, etc.), based on the laser scanner is based on the following. Laser scanner illuminate the road surface and adjacent areas. The graph of the dependence of the distance on the angle according to the readings of the rangefinder is shown in Figure 2 . As can be seen from the figure, the graph has a smooth curve section; this section corresponds to the road surface. Let's display the graph in the Cartesian coordinate system y (x), where y corresponds to the axis directed along the center line of the scanner (with a zero angle), and axis x directed perpendicular to y along the road surface. The resulting graph is shown in Figure 3 . With this transformation, the smooth region becomes close to a straight line. To automatically determine the boundaries of this area, we use the Ordinary Least Squares method (OLS) for the scan window -a section of a graph of a given width. The window width may vary depending on the task (look for or ignore obstacles on the road, etc.), but, as a rule, does not exceed the width of the road. Based on the window OLS, we obtain the standard deviation of the dependence y (x) from a straight line within the window (σ i ) depending on the scan angle corresponding to the beginning of the window (α i ) using equations (Eq. 1, Eq. 2):
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(2) In equations above (Eq. 1, Eq. 2) i is the value of the discrete number (scan step) at the beginning of the scan window, j is the value of the number of discretes within the scan window, y i + j , x i + j -y and x coordinate of the scanning point i + j, respectively, a i , b i are the direct coefficients in within the OLS, α 0 is the initial scan angle, dα is the magnitude of the discrete values. The graph of such dependence is shown in Figure 4 . It is obvious that the level with a low value of the standard deviation corresponds to the road surface scanning windows. Consequently, the angular values of the road boundaries α1 and α2 can be tracked by a given value of σs as shown in the figure 4. For these angles α1 and α2, one can determine both the direction to the center of the road αc (arithmetic average) and the angle between the center line of the scanner of the range finder and the perpendicular to the line passing through the points corresponding to the road borders αd (this angle characterizes the direction of the road). A mobile robot can be positioned along these corners with respect to both the direction of the road and the position relative to its edges. In addition, the presence of obstacles on the road will be displayed on the dependence σ(α) in the form of small stepwise increases in the values of σ in the region of its small values. These changes can also be traced, which in turn will recognize the presence of an obstacle, its size and location.
Summary
Thus, the proposed method allows not only to solve the problem of quick and effective identification of the boundaries of the road when the mobile robot moves over rough and wooded areas, but also to identify the presence of obstacles along the way and distance to it. The advantages of the proposed method can also be attributed to its invariance to the shape of the boundaries of the roadway and its illumination.
